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(54) Title: MODIFIED DOWNLINK POWER CONTROL DURING MACRODIVERSITY 



(57) Abstract 

The power levels of signals transmitted by base stations in a communication are controlled. Power level control commands are 
transmitted from a remote station to base stations from which the remote station receives signals to control the power levels of the signals 
transmitted by the base stations. A determination is made whether the remote station simultaneously receives a first signal from a first base 
station and at least one second signal from at least one second base station that include substantially identical message information. The 
first and second base stations transmit first and second reports of power levels of the first and second signals, respectively, to the controller. 
The controller compares the first and second reports and transmits first and second commands for adjusting the power levels of the first and 
second signals to the first and second base stations, respectively. The power level control commands are transmitted from the remote station 
to the base stations less frequently during macrodiversity to reduce the signalling requirements between the controller and the base stations. 
Also, the step size of the adjustment of the power levels of the first and second signals by the controller is reduced during macrodiversity 
to reduce the signalling requirements. This power control method is particularly beneficial for a CDMA system. 
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MODIFIED DOWNLINK POWER CONTROL DURING MACRO DIVERSITY 



BACKGROUND 

This invention relates to the control of power levels of transmitted signals in 
telecommunication systems, in particular spread spectrum multiple access systems. 

Good transmit power control methods can be important to communication 
systems having many simultaneous transmitters because such methods reduce the mutual 
interference of such transmitters. For example, transmit power control is necessary to 
obtain high system capacity in communication systems that use code division multiple 
access (CDMA). This is important for the uplink, i.e., for transmissions from a remote 
terminal to the network, e.g., a base station. Uplinks are also sometimes called reverse 
links. 



The need for transmit power control in the uplink is recognized in current CDMA 
cellular systems. Uplink power control according to the IS-95-A standard is provided by 
a closed-loop method, in which a base station measures the strength of a signal received 
from a remote station and then transmits one power control bit to the remote station every 
. 1-25 milliseconds. Based.on the power control bit, the remote station increases or 
decreases its transmit (uplink) power by * predetermined amount. , 

" :i < * he!need ^ i,e., for transmission from 

the network.to a remote station, hasten deemed less important in current cellular and 
other CDMA .communication systerflsy-' ; j - 

A trivial fbrm of downlink control would be provided byla communication 

system in- w hich ^ remote terminaj^eiureAts received downliftk powijr level and 
sirhpiy re^rts ^.measurement tq..a .b^se stitjon, which might ^ust itftransmit power 
in>predetermined.circumstances. Suchia communication system is^mong those described 
in International Patent Publication Nov WO 55/12297 by Gilhousen et which also 
describes ^communication system in which'/downlink transmit power level is reduced by 
a predetermined amount based on frame error rate measurements; received uplink power 
levels, or received downlink power' levels. ;;. ' 
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• Downlink poVer control in a system compliant with the 4S-95-A standard is:based 
on frame error rate (FER) measurements' by the remote station, whiclvsends FER reports 
to the system. Sections 6:6.4.1.1 and 7:6^:l:l'bf the IS^95iA standard note that such 
FER reports can be sent when a threshold has been crdssed and/or periodically. • . 

5 (Typically, an FER report would be sent every 1 L 5 seconds.) ■ Orie problem with this 
method is that it can take a long time (several seconds)' tb Accumulate the appropriate- 
FER statistics. As a result, it is impossible t6 'track Rayleigh fading and. shadow fading. 
The method h'as ! proved t6 be so sWw that it usually attributed hardly any gain 
compared to not using downlink power cohtrol: ' T ; 
10 ■ Sorhehcwcr personal corrirnUriications systems (PCS) also use CDMA, The 

features of U.S: PCS systems are specified in "Personal Station-Base Station! 
Compatibility Rcqui^ents for 1.8 to 2.0 GHz Code Division Multiple Access (CDMA) 
Personal CornmWatW^ < A ^ * 995 * '^h is similar to 

the cellular IS-95 standard in many respects. 'For operation with rate set 2, however, the 
15 J-STD-008 standard requires the remote station to report downlink frame errors whenever 
they occur.' This puts the network in complete control of frame errors, but it'still takes a 
long time to' accumulate the appropriate statistics; yielding onlyslight improvement over 

the iS-95-A"standird's' method. 

■ : In other communication system concepts like GODtT, -which is described in '. :; 
20 "Final Report on Radio Subsystem Functionality", R262G/CSE/LC/DS/P/047/al,UMTS 
Code Division festbed (CODIT), CSELT C^nW^^ 

S !p . A. ed (Aug. 1 995), the signaVquaiity is : deteimiHeS'by 7 estimating' the- raw bit error 
rate (BER) instead of the' FER. Hence, gbbd' statistics«be"6btained: faster, andV 
remote station M<& BER reports "to the ^ netWdrk^more often.(typically, lvl primes per >■ 
25 second). System performance is^b'nsidei^ a V*™ »sing 

downlink transmit pbvver control according to ;& e I&9£A standard; but" the CODIT 

• method is still too slWta'hahdk-R'ayleigHfaairi'gt 

■ Oriemight use -the uplink transmit power control method described in thelS-95-A 
standard for tr^smit' power control in the downlink. This is described in European 
30 Patent Publication No. 0 680 1 60 by Dohi et al. The remote terminal would then measure 
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the downlink signal to interference ratio {SIR) and transmit an appropriate power control 
command. on the uplink. ;In accordance with. the IS-95-A standard, each power control 
command would be a single bit that was uneoded.in order to minimize signalling 
overhead. Nevertheless, the-communication system to which European No. 0 680 160 is 
5 directed has. some significantdifferenc.es froin.the system specified by t the IS-95-A 

standard.- For- example, the "European system, has a frame length. that -is half that of IS-95- 
Aj a bit rate of several hundred kilobits per secoqd, a wider channel bandwidth of 5 MHZ, 
jarftha CDMA chip rate;of four million. qhips per^ec.ond. , 

■ i Such: a communication system wpuld,track Rayleigh, fading fairly well, and might 
10 work well when the remote terminal is not jn a, so.fi handoff mode, i.e., when the remote 
terminal is not communicating with tw ; o or, npre base stations, sipiultapeously. This is 
sometimes alsp referred .to asmacrodiversity. Soft handoff i?. described in U.S. Patents 
.-' No. 5,;1 09,528 to Uddenfeldt and No. 5,327,577 to Uddenfeldt, both of which are 

, expressly, incorporated hereby reference.; V^en^e.remote terminal is not in soft handoff 
15 mode,, the error i;ate of the uncqded power ^ontrol.co.mniands would .typically be about 
- one percent^ \yhiph would not. cause any great problems. 

, : Nevertheless, -the error rate of the,uncqded dpwnlink power control commands 
^ can be expected to, increase- signifipantl^-when the remote terminal isjn soft handoff 
mode. In addition, the errors in the commands received in different base stations 
20 inv6lved in the .soft -handoff wilMje. almost independent. Since. 1600 power control 
? i commands per 'secon_d would be sen^tq.two ba.^e stations. involved. in a soft handoff . 
»* • 'according to the t §yst ; ei^ y desGrited L l3)[.pohi ?t al.y the commanded transmit power levels of 
the 'base, staft^^ to each other to. levels that may be 

subQptiroal frojn ,a -sy stQm^cap^ity^omf of viqv, Jhe lo_st e capacity occurs .because at 
25 -i leastr.cmeiof the ba$?..stati(#is Jp,cpirununication with.a jemote station in„spft handoff 

1 r ■modewilHra^ . 

'] : G< :': Onqr%yay ; to. solve the.prohl^^.jenco.untgred.in downlink transmit power control 
is by making frequent adjustments;of\the downlink; power levels transmitted from the 
base stations involved in a soft handpff. These base stations send the. latest values of 
30 their; downlink transmit power levels, to a. radio network .controller (RNC) .which. 
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compares those values and sends respective adjustment commands AP, Dl -(t„)' and 
AP 2 DL (tn) t>a.ck to the base stations. This solution is disclosed in U.S. Patent - 
Application No. 08/870,867, filed June 6 , 1996, and' herein incorporated by reference. 
This.rnethod is illustrated in FIG. 1, 'in which a base station BSTseftds a 
5 message indicating its downlink transmit power level ¥,<fo at time ; i h - : , r tb a 

radio network controller (RNC)..' In acelto 

be a base station controller 'or a mobile services switching centerV L Al^V'a^b^e station 
BS2 sends a message P 2 DL ^), indicating ^ level P 2 ^)"at time 

t n , to the RNC, In the soft handoff mode shown in M. 1, a remote station RT 
10 receives signals from the base station BS1 and receives signals Wn g : substantially the * 
same message information from the base station BS2. 

The RNC sends respective adjustment commands AP, DL (0 arioVAP^HU to the 
base static^ mat^ based on the messages' P, DL (0, P a DL &; causing the base stations 
. to adjust their downlink transmit power levels so that a desifed l relatioii between 1 P i<t„ + »> 
and P^Jfa maintained. The transmit power levels Pi<t3>2<0 result' from earlier 
commands A.P, DL (Vi) and P 2 D HV,)..as shown in FIOV 1. 

The RNC can determine the adjustment commands in several ways, as described 
in U.S.. Patent Application No. 08/870,867. The power'level adjustments typically are 
., made,once ; per frame^keeping the'dri^ 
20 the dowminkiransmitters invoked' mV soft han^ 



on average. 



How the. independent .errors in a remote station^ power control cdrnmands 
come about is illustrated in more detail In FIG !1£ sk ov£ii remote terminal RT 

mcoirtfrmni^ 

25 RNC. In the soft h^ the' feinote station RT 

receives signals from the baselution BS 1 with a power level P\ and received signals 
having substantially the same message mformation'from the base static* BS2'with a 
, power level P 2 . Power control commands PC transmitted by the remote station RT are 
received by the base station BS1 as commands PC and areYeceived by the base station 

30 BS2 as commands PC" . Due to errors that may arise from many sources, a command 
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the rate that 



PC may, not be the ,same, as either or both of the commands PC, PC", and the 
command PG' may not be the .same as the command PC". 

The magnitude of .the difference between one downlink power level and another 
downlink, power level, affects the system's' capacity because one base station's 
5 transmissions . look like interference to the other base station. In 'addition, the 
i-; eachi-downl^ power. level drifts is important because faster rates lisually'require the 
control.commands to be issued "more frequently. This increases the" messaging load that 
.must. be ; carried by theUnks between the base stations BS1, BS2 and th6 RNC. 
'• According, to U.S. Patent Application No. 08/870,867,' these' problems are 
1Q - . avoided by using quality-based downlink power control. According to this approach, 
the remote terminal RT measures the quality of the receivea'downlinic- signal, either by 
- determining the PER or the BER, and then the remote terminal RT reports its quality 
. ., ■ measurement to the network by sending a suitable quality ; 'message to the base stations 
. . - involyedm the handoff. Each base station forwards' the remote terminal' s quality 
15 message (a Layer-3, message) 'to the RNC, which causes the base stations to adjust their 
downlink transmit powers appropriately. 

, According, tp U.S. Patent Application No. 08/870,867; the remote station: RT 
.,, . either may periodically send reports of its received downlink signal' strength to the 
, , .-..network or .may 'send a report whenever a signalfrom a new downlink transmitter is 
20 - received with a strength that is hjgher than any other currently received downlink signal 
strength. In such a communication system, the network RtfC would respond to the 
, remote station's signal strength reports by causing only the base station whose downlink 
■ - • ...signal is received with'the highest strength at the remote terminal RT to transmit. 

- . This scenario is depicted in FIG. 3, which shows that when the remote terminal' s 
.25 ,. -: received downlink power level P, from the base station BS1 is greater than the received 

.downlink power Jevel P 2 from the base station BS2, the downlink poW level P, 

; transmitted by.tne.base station BS 1 is greater than zero, and the downlink power level P 2 
. transmitted by the base station BS2 is zero.' (in practice, "the power 'leVel P 2 only needs to 
be substantially less than the power level P,'.) The weaker base station BS2 should 
30 operate otherwise normally in soft handoff mode. The 'network' informs the remote 
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''terminal RT whenever the system deculeVto change the ttansrnittmg base ; stationto ; , 
accommodate base station differences/such as different pse^donoise- signals, although 
different base statins generally look the same frofn'the point of view of the remote. 

station in soft handoff mode. 
5 Yet another solution disclosed in U-S! Patent •Application.' No; 08/870, 867, is to, 

apply open loop power control instead of closed loop power control during the „ 
macrodiversity' connection. According to this approach-, the Uplink SIR is measured for 
each frame in the base stations involvedi 

forwarded to the RNC. The RNC Jesses the SIR values from the base stations, 
10 involved in the soft handoff and causes bniy thai: Base station to transmit whose downhnk 

power level received at the remote terminal is highest:- --' 

This scenario' is depicted^FIG. 4, which ^hows thatnhe downlink power level 

P.C) transmitted by the base station BSl at a time U is greater than zero, and the 

downlink power level P 2 (L)' transmitted by the base station BS2 at the time t, +l is zero. 
15 This condition occurs as a result of respective doSvhUnk transmit^wer control set 

commands SetpK ' SetP^ sent by the RNC % the base stations BSl, BS2, respectively. 

The RNC generates the power set commands based on the base stations? respective 
determinations and reports of the uplink SIR Values SIR,(0, SIR 2 (t.) at*, preceding 



20 



time t,,. : . . .., 

Hencelon occasions whenthe uplMpowSr received^ a base • station^., station 

BSl' i h^gher than the upimk power received at anbmer%ase station, e.g., : station BS2, 
the RNC sends messages to the base station BSl c : auiirig the 'station BS Mo ,start 
. ' transmitting totiie remote i^^'iS^^^^^^^^^ 
stop transmitting to the remote terminal Rt^d^^te remote terminal M!*ausmg the 
25 ' terminal RT to listen only to base statioWfesVan^no't to bfee,tattoBS2.from a specie 

frame number onwards. 

" FIGS.'SA, 5B, and 5C further illustrate' operation of a cbmmunicati on system in 
accordance with iS Patent Application No. 08/870,867. In block 501 , base station BSl 
receives data and transmit power adjustment commands from a mobile station RT. The 
30 base station BSl identifies and decodes an adjustment command received at a first time 
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instant; which conveniently may haveyahaes^ of either +1 or - 1. and accordingly adjusts 
Hs^downhnk transmitter level at .the next time instant. As indicated by block 503 in 
FIG. 5 A, for example; if the mobile sends adjustment command PC = h then the base 
station's transmit power level P,(t n+1 ) = +1 dB with respect to its previous transmit power 
-level PiCO. • Similarly, ifi the mobile sends adjustment command PC = - i , then the base 
station's transmit power level P,(t n+1 ) = - 1 dB with respect to its previous transmit power 
leveV P,(g. In block 505, the message P.^CU .indicating the downlink transmit power 
'level P;<0 at time^ is sent by. the l^ase station BS 1 to the RNC. The base station 
preferably sends such messages. not as. often as the mobile sends power adjustment 
lb'-: • • commands in order. to. reduce the.si^nalling load on , the base station - controller 

connection. For example, the base station may count the number °f received adjustment 
commands n and s.end.a message.'every N-th adjustment command, where N is a factor a 
" times the number n. The factor, a may be an integer in the range from about 16 to about 
1600for.somecowunication systems. In block 50?; the base station BS1 sets its 
15 downlink transmit power leyel tQ the commanded amount. 

. . As indicated by block 5Q9 in F/IQ. 5B, the RNC receives the messages P, DL (U and 
possibly messages from , other, base stations involved in a soft handbff, e.g., P 2 DL (U- The 
RNC-whieh may include specialized circuitry or ; a programmable'processor for the 
purpose, then determines new respective adjustment commands AP'^HUi) and 
«. 20 i^P 2 P u (t n i 1 ), which ^.mdicated^y,blpc^ 513,in FIG. 5B may be based on the difference 
■ n(block511>betwee.n.#e^^ 

BS1', BS2. . In th^aiple^^ P^ L (t„), and thus the new adjustment 

. command AP,? L (^) S^sp^ 

' , >of the difference be^^thep^werapyels, and the new' adjustment command AP 2 DL (t n+1 ) 
• corresponds, to the second base station's previous power level plus half of the same 
difference. If P 2 DL (t„) > P| DL (0» substantially the same operation would be carried out, 
but the identities of the base stations would be .interchanged. These commands are then 
communicated in any convenient way to the respective base stations as indicated by block 



515. 
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The operation^ this of conSunici.ion'sys^is «r*e, i,.us,ra,ed by 

FIG 5C in which an .di.s^entconunan. AP^^m the RNC is received*y : the 

■ .1 >.v v.nri: 51" In response, the base station adjusts its 
hase station BS1 as mdicated by Mock :h . "i «f ... 

baSC .. asmdicat ed by block' 5f9, 'Where the, mterval t„ 

transmit:power level at 2 ^1, + t as mchcatea y 

is a convenient , hne.in.eryaU such as an integer number of com—on ta*.. 
ilaropera^ 

iTpower .evevofthe wealte, ba S e station was commanded ^ » 

i j * 1 1 <; 1 9 the weaker base station might 

the operations, ind^ 

advlgeously be n,ai,,^i in >of, m,de in al, o,,er reacts as descr.b,, 



10 above. 



15 



■ The closed loop downlinlt power control method described with reference 
to FIG -1 involves extra signalling between the base stations and the RNCffor 
1 ample the base stations need to send a power message to the RNC about every 
ZL* order „ .eep.drlft at around 1-2 dB in a sy«h a ^- -^ 
1M e coded powe.con.ro, commanded .jgg^^J" 
the other solutions disclosed with reference to FIGS. 3 and 

need ^efficient c,osed loop opwer con,rol combined with a method of sendtng power 
control uata from an KNC ,c associate, tasc station. U,n„ S macrodtverstty, 



20 transmissions. • ?• -.- . :iJ , . . ■, ^ vjA ; . ;( ; . 

SUMMARY 



. ,* ^therefore.an object of the present invention to provide ^efficient closed 
- .ooppower control of thebase/stations that are ii^lved in a rtracrbdiversrty 

mention to reduce s.gnaHing rcauirements between base 
m acrodiversi,y transmission and a control adjusting the power levels^f 

According to the inventron, these and other objects are me, by a method of 
30 — ng power leve.s of signals ,ransm,«ted by base stattons ,n a cor—on 
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' system having- base statipns .and remote stations. Power level control commands are 
transmitted from a rempte station to the, base statibns from which the.'rembte station 
receives signals, to control the power leyeis of the signal's transmitted by the base 
fl! - i- stations, Aadexerrnipatton.is whether. the remote station is Simultaneously receiving a 
5 -first signaltransmitxed by the first base station and at least one second signal 
\ , - transmitted by afcleastone second base station that' include -substantially identical 

- Message information. A. .first report of a power Wvel : of the first signal -is transmitted to 
a controller-from the first base station, At least one second report of a power level of 
•rat least one second signal is transmitted to the controller from'-aVieast one,second base 
10 station. The first report and at'least one second report are compared -in^e controller. 
■y. \~ A first- command for adjusting the power level of the first signal is transmitted from the 
•controller to the ; first base, station,, and at least one second xbrrimand for adjusting the 
, power-level of the at le f st one second signal is transmitted- from 'the controller to at 
• least . one second ha^e station. 
, 15 AccordingJP a first embodiment 'of 'tfie invention, the power- level control 

, , commands, are transmitted' .from the remote station to the base stations at a reduced rate 
• ^ when the rempte station receives signals from more 'than one base station: According 
<r , to a . first aspect,,the same. power level' control commands are transmitted several times 
from -the .remote station to the base stations. •According- to a second -aspect, more 
20 redundancy is encoded into the power level control commands transmitted from the 
remote station to the base stations. According to a third aspect,- power .control 
commands which are specific to, one or more base stations are transmitted to those base 

'-' •'•- ■stations-; .••.-,>-? 0 ., n^v-,.,.; . .. ... .., .-. ., . .. 

.:, - ...... r According tp,.a,second embodiment "of 1 the invention; a'step size of the 

25. - adjustment- of the ppwer levels by 'ihe coSrolier is set'loWer^when the- remote station 
... ., , rece ives signals. from more' than one basVstatiori\han when remote station receives 

;•; signals from one base .station. 
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; BRIEF DESCRIPTION OF THE DRAWINGS 

.FIG, 1 illustrates amethod of dow^nk transmit power control during soft 

handover;* • ■ ' ; ■ * . ;\ ± \ c . • 

FIG, 2 illustrates a soft handoff.involving a remote stauon and two base _ 

5 stations; ^ ; > '< i t^'o -r : c.-: . -r 

FIG 3 Hlustra.es one method overcoming a probjem of a remotes,a<,on 
. power c,„,r„. commands !,,„* received with a signal .eve. .ha, is .oo low during soft 

handoff modeju. ■:■ \ / • - > '. ./ .ki; •;* .>. ^ • .. f o .- . :,. . , 

FIG '4 illustrates another method of oyercorning the.problem of a remote station s 
10 powe r conrro.:_ds being reeeiv.ed with a signa, .eve! that is too low during soft 

h : andoff mode; •; * - - : ; i.i* • • / . • ; : . 

... pic 5A andFIG, 5B illustrate communication system operation; and 
FIG. 6 shows *flow diagram^ a method according to an exemplary 
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embodiment of the invention. , .,, .. ; ,,, . . . .... , ; . ... iy •■ •> 

•ii «™ he described in more detail with reference to preferred 
The invention will now pe oescriocu m iiiu , , 

exemplifying ^ embodiments and the accompanymg drawing ^ 

.. DCTAJI-EI) description 

•It should be ,;„.,m«,.-i that the following description while indicating 
preferred embodiments^ the invention, is gjven by wav of illustration only, s.nce 
various changes and modif^ions wulnn.he scope of the invention wiU become 

apparent toithose- skilled in the .art. vfi^nujn: t**i- - •_•,!,-. b.*v:iu>-.-; . t . 

Using an RNC or some other en,rvm acommunication^ o* for ad.us.mg the 
base s,a«ion:ou,pu, po«er leve., as,disc^^amp.^ in U.S. Paten, Applicatton No. 

ts -hod forcing.** t,a«c channel output po»cr S a: Proper 

. ,eve,s during macrodiversi, y ,.Ho^e r ,,hi,^ 

and,he base s,a,ion, Accordipg ,o the present invention, several methods can be 
employed ,o reduce the signalling between the RNC and the base stattons. 

For exampie, the needed power control command rate, i.e., the rate of power 
control commands transmitted by the mobile station to the base stations that is needed 
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in order to reach the SIR target, may be lowered during soft handover, e.g., by a factor 
of 4. The idea behind this approach is' (hat the : drift will be'smaller if fewer messages 
are sent to the base stations, because few6r messages will be interpreted differently by 
the base stations. This is feasible, since the purpose of fast closed loop power control 
5 is to follow fast fading. In soft handover, fast fading will riot be as severe as it is 
under normal conditions due to good space diversity. 

Another way to lower the signalling "requirements between the RNC and the 
base stations is to lower the power adjustment step-size, i.e.; the: relative amount that 
the output power is adjusted responsive to the RNC power adjustment commands. 
10 According to an exemplary embodiment, a ( step size of I dB niay be-lowered to 0.25 dB 
during macrodiversity . The idea of 'lowering the step size' is ? to make the drift slower, 
since. each time a power control message is received differently it will only result in a 
small drift. This means that the KMC does hot have to adjust the base stations' output 
power levels as often as it would have had'tc for larger step sizes, if art equally large 
15 l drift is allowed before adjustments are needed. A benefit of this approach is that it 
requires little or no signalling over the air interface/*" : . ' 

To further decrease the required^signallirig between the RNC. and the base I 
stations, the same power control command may be transmitted from the mobile station 
to the base stations several tirries. Hence,' the 1 probability that the power control 
20 command is received correctly inCT the probability that the majority of the 

received bits are correctly receiveei increases ; a's the number .of bits, considered 
increases. For example,' it is less'likeily that four or more bits iaan:,8. bit -power control 
command will be received incorrectly than that 6he or: more bits^of a 2 -bit-long 

command will be received incorrectly; •■*-■'• -'<* ;*.: f 

25 Yet another alternative foi* redufc'tog' signalling requirements between the base 

stations and the RNC is to'use; niore cbdihg '6ti 'thfe"p)0*w^r Control commands 
transmitted from the motile katidft'tb* the base station, i.te: , to increase the encoding 
redundancy of power commands during macrodiversity. - ' .... 
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' In both of these approaches; extra bits are used in the power control cbmmands 
transmitted from the mobile station to increase the probability that the power control 
commands are correctly received'by tlie%ase Stations' during macrodiversity. 

A {ower power contro^coiriinarid. rkte also i rriakes'it possible to send different 
5 power control commands to different base stations: Thus, the outputpowers from 
different base stations can be made gain dependent by 'adding little or no extra- 
signalling This approach has the additional benefit of reducing unwanted power drift 
because the mobilW station is able to 'counteract the power drift by choosing the power 
control commands sent to differentiate stations in such a way that the power drift is 
10 reduced/ However; in' order to serid the appropriate power control commands to 
* different base stations; the mobile station needs to know the output power levels at the 
different base stations. Accordingly the base stations send information regarding their 
output power leveis'to the mobile station^ 'the mobile station is not likely to counteract 
the power drift if it traiismits^the sariie ^co^^^st^ to which it 

15 is currently connected. r , 

The approaches described 
introducing extra signalling, other outpu^ower scherhes can' be ! supported. ■ 
" X Method for reducing sigrmiling'requiretofents betweenthe base itations and the 
' RNC, according to the present invention, is illustrated asa fldW diagrarh in FIG. 6. ^ 
20 Themethod begins at step 600, at^hich a determination is made whether " - ' ' 

rnacrodi^rsitv^ransmission is occurring: if so' the ihethod ^ continues with step 620. 
Otherwise, power control commands are' sent to^the active bas^statiohfrom the mobile 
• station af a normal rate at step^ 
' : ' At step 620, power contrbf commands ^s^fi6m^tMMc station to the 
25 base stations involved in the macrodiversity transmission at V r^uced r^: Step 620 ~ 
may inciude orieor'rnbre steps'62l7 622, SB^Wh'ich^may be carried out in parallel. 
"■ • At step' 621, power'controi commands are' sent from the mdbile statiofVtO the 
base stations" involved in the macrodiversity transmission at a reduced rate by repeating 
at least some of the power control commands. " Multiple consecutive and identical 
30 power controV commands increase the probability that the commands are received 
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correctly. This reduces the amount of signalling required between the base stations and 
theRNC. , 

At. step 622, power control commands, are sent from the mobile station to the 
base stations involved in the r macrodiversity transmission at a reduced rate by encoding 
more, .redundancy into the commands . The higher rate of coding increases the 
probability that the.povver.. control commands are received correctly. This reduces the 
aynpum of signalling requirements between the base stations and the RNC. 
. :r , , At step 623, po>ver control commands are sent from.the mobile station to the 
ba^se stations involved in the macrodiversity transmission at a reduced rate by 
transmission .of specific power control commands to each base station involved in the 
... macrodiye^ Thus,, the signalling between the base stations and the 

_ RNCs is reduced, and the system is made more flexible. 

,At step 630, a determination is .made whether a time counter parameter t 
exceed? a predetermined .threshold. The parameter t represents the time since the last 
15 power level adjustment signalling between the RNC and the base stations. The threshold 
indicates how often tlje power level. adjustment signalling between the base stations and 
the RNC , is ppeded. f If T the time counter parameter t is not greater than the threshold, the 
method returns to step 600, , Qtherwise, the time counter parameter t indicates that it is 
Jims to, T adjust, the downlink output power level at the base stations involved in the 
macrodiyei;$ity trap^^ at step 640, measured power level reports are 

.3 forwarded .f^om .the^^e.^tatiqi^ to the RNC, and new downlink output power levels . 
?*re sent from the RNC to the base, stations. Then, the method returns to step 600. 

An . ^ rn ^M v ?t ^vr-^^Sju^ Powprcontrol signalling between the RNC and 
. ,the base^statio.ns,. not sjiown in^FIG. 6, is to lower the step size m. output power level 
25 r, r . adjustments- by the RNC. - 

.1-1 -.v- .;■ i:,T hi _ s , m 5 thod p f ^9fyfy}Vgpower control. may be implemented in any system 
vn f^P^y^S macrpaiversity. This meth9d is especially advantageous for systems using a 
. r downlink power control and which update the base stations' output power levels often. 
; The following description explains how the signalling may be implemented for 
30 various illustrative, scenarios, but one skilled in the art will appreciate that signalling 
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may be performed in other ways.' The knowing description only considers the cases in 
which the mobile station is entering macrbdiversity With one new base station, and the 
mobile station is^ot initially involved in a macrodiversity: transmission. Other,, . 
scenarios are" easy 1 to imagine, 'for instance case* in which the mobile station: is „-. 
connected tomore than two base stations, cases in which the Wobile^ station leaves ^ , 
macrodiversity with one or several base stations arid at the slame time enters * . - 
macrodiversity with one or several hase stations, or cases in which the" base stations are 

connected to different RNCs. 

In a first scenario/the decision for* What ; kind of power control scheme to use is 
made in the mobile station! When a new macrodiversity base' station is connected, and 
the closed loop power control is up anci" nihningrthe'mobile station indicates that tti 
wants to modify the powefcontrbl command rate%y ; 'senda g ^message to the-base. 
stations. Th^message'contains mforma^^ 

information about how the power control command fate should be altered. When a 
15 base station which is an intended recipient of the message receives the 'message, that 
base station responds with a positive acknowledge signal <ACK), In order to avoid 
only one base station receiving the rnessage, some signalling in the fixed network ds 
required, e.g., to verify that ail involved base sikt&ti are aware and prepared for -the 
suggested modification and to make the RNC aware and let it prepare for the ' :. ■■ 

20 modification. 

' *' As soon as the mobile s^ion receives 
' it sends'a message indicating mates' starting^ tne'lfew 1 power control scheme. 
The mobile station then prepares itself for the new power control scheme ^starts 
following it. 

25 " When a base station ' receives 4 the message thaVindicates:triat the mdbi^ station: 

has started using the new power control kh^me; ! it^form§ the other involved base 
stations as well as the RNC. AttKe' sam'6 time,' the base stations- ; start followingthe 

new power control scheme. 

In order to use coded power control commands /including repetition, the base 

30 stations have to buffer the received power control commands before they adjust their 
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. output powers, - If the mobile station sends different messages to different base stations, 
this, can be achieved either by putting an address in each power control command 
message.'Or, more, preferably, by letting. die base stations know which power control 
commands they should lifteq.tp. .This rnay be achieved by using a pattern for the 
5 power; control commands.. For, example, every other slot of a power control command 
may be dedicated .to a particular, base station. However, assuming that the base stations 
j'.do not .notice that the mobile station is changing the power control command rate or 
that the ACK is lost, then the mobile station has to re-transmit the lost message, 
r. . - ; -It-is, -.of course,- possible to change the power control scheme during 
10 maerodiversity. .The mobile station may go back to the ordinary power control scheme 
just before. the macrodiyers^ Since both the network and the 

mobile know, when this v happeps ? little or no additional signalling is required. 

In. another scenario,, the determination to alter the power control scheme is made 
in ,the network, e.g^f in.Jhe RNC In this scenario, as soon as a mobile station enters 
15 maerodiversity with a new.base station, and the closed loop is up and running, the 

RNC informs the involved base stations about the power control scheme needed. This 
message is also transmitted to the^mobile -station. Both the base stations and the mobile 
x station prepare themselves for^th^ new scheme, and the mobile station sends a message 
indicating .that it has started using the new power control scheme to the base stations. 
20 The base stations respond with an ACK. Since the base stations communicate with 
r.- each other by using- the, fixed network, the mobile station only needs to receive one 
.ACK*. .-If no ACK, \s reived within a certain time;, the mobile station sends a new start 

<messjige ; , ( , . ; ... f [ 0 > v - ::y: ,. ; .^ q , y fj; . . ; , ^ , .,. - 

For the case when the step size is altered, the mobile station does not have to be 
25 r. i iiwolyed ,in.?ny r signalling unless the mobile station decidps which step size to use, 
~. since. the network know,s when jnacrodiyersity begins, and the RNC can simply order 
- ithe involved base ^tio.ns to. alter their, step sizes. 

The ordinary power control scheme should be restored when the mobile station 
• : leaves maerodiversity. .This, may be achieved without adding much signalling over the 
30 air interface. , m4 . _ r . . 
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According the present invention, signalling between the base stations and the 
RNC for adjusting the base stations' output power during macrodiversity transmission 
significantly reduced.' Closed loop power control may be supported during an entire 
session with reduced si gnalling between the base stations and the RNC. In addition, the 
accuracy with which power control commands are received by the base stations from the 
mobile station is increased. Further/the mobile station may send different commands to 
different base' stations, providing a flexible telecommunications system and avoiding. 



IS 



power drift. _ .. . . ... •'•> 

• • • The invention being^hus described, it will be obvious that 

10 varied in many ways. Such variations^" not to be regarded as a^parture from the 

spirit aha scope of the invention, and' all such modifications as would be obvious to one 
skilled in the art are intended to be^ncluded within the scope of the following claims. 
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What is claimed is: 

1. A method of controlling power levels of signals transmitted by base stations 
m a communication system having ba^e stations and remote stations'! comprising the 

5 steps of: ■ - - • - ... v - • 

' .-, 1 ,- trailSmi " ing P 0wer level . controfinimands'froin a. remote station to the base 
stations from which the remote station is receiving signals, to control the power levels 
of the signals transmitted by the base stations; " ' ' " ' ' 

determining whether the remote station is simultaneously receiving a first signal 
transmitted by a first base station and at least one second signal transmitted by at least 
one second base; station that include substantially identical message information; 

. , transmitting to a controller from the first base s'tation a first'report of a power 
level of the first'signal; ~ ' ■ i-.i- . . 
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transmitting to the controller from the at least one second base station at least 
one second report of a power level of the at least one second signal; 

comparing in the controller the first report and the at least one second report; 
transmitting from the controller to the first base station a first command for 
adjusting the power level of the first signal; and 

transmitting from the controller to the at least one second base station at least 
one second command for adjusting the power level of the at least one second signal 
wherein the power level control commands are transmitted less frequently from the' 
remote station to the base stations when the remote station receives signals from more 
than one base station than when the remote station receives signals from only one base 



station. 



2. The method of claim 1, wherein the same power level control commands are 
transmuted several times from the remote station to the base stations when the remote 
station receives signals from more than one base station. 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS98/10932 

WO 98/56200 



-18- 

■ 3 xiie method of claim 1 , where* more-redundancyus.encod.d date the power 
,evel control commands transmuted from the-remote .tation when the -remote- stanon 

rece Wes signals 

signals frorn'one base station. 1 

4 The^ethod'of tlaim C wMSmtepow^level control conrnwuts 
transmitted from the remote Wion ate -Specific to the basestations to which. they, are 
transmitted. 



10 



5 -n K method ,f claim . . wherein a step sL,e of .he power xvc. adjust:,, by 
the control is Set lower when the remote station receivers. from more tan one 
base station than when the remote station receives signalsftom one.base statton. 

6. The method of claim i, wherein the communication system isa Code 
15 Division Multiple Access (CDMA) system. ■ ■ ' " " 

7 A method of contro.ling power levels of signals transmitted by base stations 
to a communication System having base stations and remote stations, compnsmg the 

steps of: . . . „ 

stations from which the remote station is feeing sighaW O'control the power, ieveis 
of the signals transmitted by the base stations; 

- " aeterrnining whether the remote station is simultaneously receiving a first srgnal 
., ans nm,ed by a firs, base station auU a- leas, one second ,i g ,:ai .emitted by a: leas, 
one second base station that include substantially identical message informal , 
transmitting to a controller from the firs, base station a firs, report of a power 

level of the first signal; 

■ transmitting to the controller from the at least one second^base station at ,east 

one second report of a power level of .he at leas, one second signal; 
30 compartng to the controller the first report and the at leas, one second report; ^ 
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- " ' - transmitting* from the controller to 4he : first base station a first command for 
* adjusting -th'e power level, of the first signal; and 

'■ ' transmitting from the .controller to-the atjeast one second base station at least 
one second command for adjusting the power level of the at least one second signal, 
5 wherein a step size of the power level adjustment by the controller is set lower when 
the remote .-station-receives signals frpm.more than, one base station than when the 
■ remote station receives signals from only, one base station., . 

8. The method of claim 7, wherein the power level control commands are 
10- v transmitted- less frequently from. thp. remote } ..s{ation to the .£>ase, stations.. when the remote 
: station receives, signals .from more than one base station than .when the remote station 
receives signals, from ^pniy one b^se station. . • -„-.,..,...., . 

1 . 9; The method of .claim 8, wherein the same power level control commands are 
15 transmitted several times from the remote station to the base stations, when the remote 

■ ; . ' • ! " . . \ - t 1 * ' . J i " 

j 

station receives signals from more than one base station. 

jr r<(iQ . T?he method/Qf ejaim#, ; wherein mpre redundancy is encoded into the 
power level control commands transmitted from the remote station when the remote 

20' -station receives, signals frojn mofe^han* pp?. b r ase .statiqn than when the remote station 

'■■i receives signals. from t ^ofc^s^st^ti9n : ' a : 

::.cxnh*r> a i( i n : . v . r ...... .: ;M>: : _ 

- r ? >-Tl\e i&film^ commands 
' : >'- y -transmitted. fronl:the?remot^>statipn ar } e specific to the base stations to which they are 
25 transmitted, m 



12. The method of claim 7, wherein the communication system is a Code 
r - : Division Multiple Access (CDMA) system, - 
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(57) Abstract 

The power levels of signals transmitted by base stations in a communication are controlled. Power level control commands are 
transmitted from a remote station to base stations from which the remote station receives signals to control the power levels of the signals 
transmitted by the base stations. A determination is made whether the remote station simultaneously receives a first signal from a first base 
station and at least one second signal from at least one second base station that include substantially identical message information. The 
first and second base stations transmit first and second reports of power levels of the first and second signals, respectively, to the controller. 
The controller compares the first and second reports and transmits first and second commands for adjusting the power levels of the first and 
second signals to the first and second base stations, respectively. The power level control commands are transmitted from the remote station 
to the base stations less frequently during macrodiversiry to reduce the signalling requirements between the controller and the base stations. 
Also, the step si2e of the adjustment of the power levels of the first and second signals by the controller is reduced during macrodiversiry 
to reduce the signalling requirements. This power control method is particularly beneficial for a CDMA system. 
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